SUMMARY The development of a histopathology day book based on a microcomputer is described. The system has the capacity to search on file records for details of previous specimens from current patients. It also possesses a SNOP/SNOMED input and search system that can aggregate data for analytical and other purposes. The system is relatively inexpensive and is user friendly. It has been developed within and is exclusively devoted to the requirements of a histopathology department and is designed to permit expansion to a multiuser system.
The acquisition, storage, and retrieval of information are important functions of any pathology laboratory. In haematology, biochemistry, and (to a lesser extent) microbiology laboratories results are largely in the form of numerical data, and for several years computers have been used to accumulate, store, and manipulate these data. In histopathology computers have also been used but to a much lesser extent than in the related disciplines. Part of the reason for this is the fact that histopathological reports are written in complex language. Although this can be summarised by an encodement process using the SNOP/SNOMED systems, automatic encodement facilities' are not generally available and, when they are available, looking up the appropriate manual is prone to error and can be tedious.
The computers used in histopathology laboratories have generally been mainframe or mini computers and have been geared towards generating reports (word processing) and compiling statistical information. Such systems are expensive and require the services of professional programmers. Often they are shared with other laboratories or hospital records systems, or there is a connection to a regional computer by an expensive telephone link.28
In 1983 we undertook a critical examination of the information storage and retrieval systems then in use in the histopathology department of this hospital. The systems were entirely manual and based essentially on a traditional day book comprising a ledger and card index. The department provides a comprehensive diagnostic service (including nonAccepted for publication 22 May 1985 gynaecological cytopathology) to a busy major teaching hospital and receives some 12 000 specimens (excluding necropsy material) every year. Therefore, although initially satisfactory, in time the archive became oversized and somewhat cumbersome, especially the component that dealt with data retrieval. It was particularly difficult to determine whether previous biopsy material had been received from the patients whose current specimens were being handled. The advent of endoscopic biopsy techniques has resulted in many specimens being obtained from patients over time, and archival material is constantly needed to confirm diagnosis and assess the efficacy of treatment.
We did not have access to mainframe or mini computers or the capital to devise a system capable of using these, but we were interested in microcomputers and our examination of the existing laboratory system was to determine if a microcomputer system could be developed that would improve the efficiency of part or all of the existing procedures. This report concerns our analysis of the historical system and the development of a system based on microcomputers, with particular reference to design philosphy, hardware, data retrieval, and techniques of analysis.
THE HISTORICAL SYSTEM Fig. 1 shows how the historical system worked. A specimen accompanied by a request card was received in the laboratory and given a laboratory accession number, comprising two digits indicating the year and the maximum number of specimens received in a given year. The patient ' In addition, the responsible pathologist encoded the diagnosis using the SNOP and, latterly, the SNOMED systems. The accession number was then recorded in a card index file under the headings of (T)opography and (M)orphology (hybrid retrieval file). Another alphabetical cross index file was also maintained, which was based on the initial of the patient's surname but included forename, medical records file number, and accession numbers of all material from that patient. This file was designed to permit retrieval of details of both previous and current biopsy reports from the same patient. The laboratory had one clerical officer who gave accession numbers to the specimens and searched the alphabetical cross index file for previous accession numbers, a process that was cumbersome and time consuming, particularly when the work was performed by less skilled and experienced staff. (2.2) .
Results
Each morning the system is activated and the operator is requested to insert a password, the date, and the initials of the responsible histopathologists. Input of new data can then be started. On receipt of a new specimen and its accompanying request card the laboratory accession number is ascribed and the data are recorded in the microcomputer system. Essentially, these are the patient's personal details and some details of the specimen. After macroscopic examination, cutting up of the specimen, and the processing of tissue blocks details of the number of blocks taken, the number of slides issued to the histopathologists, and the issue of the report are recorded. The system automatically dates these events.
During input of a new record the operator is prompted to complete each data field in a preset order. The operator is then given the chance of editing any field before committing the data to file. When extending an existing record the operator selects the field that needs amending (Figs 2-4). For the surname the system accepts letters A to Z and a hyphen only (the field is truncated to a maximum of 14 characters). For the forename it again accepts A to Z but is set to seven characters. If numerical data are added to this field then the program assumes Roberts-Jones, McClure The initials of the referring clinical consultant are accepted as A to Z with a maximum length of four characters. Data about the specimen are given in a single alphanumerical code: T = large specimen; H = medium sized specimen; B = small specimen; F = frozen section; E = specimen submitted for transmission electron microscopy; and C = specimen for cytological examination. The system automatically decodes these to the visual display unit (VDU). The anatomical site of origin of the specimen is indicated by a modified SNOP topography code of two digits, and the system again automatically decodes to the VDU screen. The responsible histopathologist(s) and the accession date are entered automatically, having been recorded during the morning log in procedure. Additional fields are added in the edit mode only. The number of tissue blocks is recorded as a numerical input (<99) with the cut up date being logged automatically. Again the number of slides issued to the pathologist is recorded as a numerical input (<999) with automatic dating. The issue of the report is recorded by a single keystroke (R) with automatic logging of the date.
After the insertion of these data a residue of 60 bytes (alphanumerical characters) for the encodement of the diagnosis using the SNOP/SNOMED systems is available. These are usually added after the issue of the report as the encodement is done by the histopathologists. At the end of each working day a daily acquisition list is printed. This is stored as hard copy. It lists all specimens received that day, together with details of previous material from each patient, the responsible histopathologist, and source of specimen.
It is a relatively simple matter to create a facility for matching current names and medical record numbers with filed data, but successful retrieval depends on the current request cards being accurately completed with respect to these details. In practice data completed on at this hospital this is composed of a letter (currently G) followed by a number that has leading zeros. The number may be completely omitted or presented in a non-standard way-for example, G00138 may be presented as G138 or even G/138.
Given the number of possible errors, a system that depends on an exact match will have a lowered positive retrieval rate. The database was therefore designed to catch most of these errors using the concept of incomplete or "fuzzy" matching. The operation of fuzzy matching is totally transparent to the operator. Names are reduced to a number between 1 and 10 000. Vowels are ignored (except where they are the initial letter), and the same numerical value is ascribed to each similarly sounding consonant group. A similar transformation is performed on the medical record number removing both prefixes and suffixes, so that G00123 = 123/85. This technique is based on the well known SOUNDEX algorithm. '0 Each record contains four pointers to other records deemed to be similar by having identical fuzzy attributes. The pointers link records both retrospectively and prospectively, which is essential for automatic repair of the database after a change of either name or medical record number."1 Fig. 5 illustrates a fictitious segment of a daily print out. There are 11 specimen entries. In the first item 85.02481 is the laboratory accession number, GUBBINS the surname, Annie the forename, E92988 the medical record number, 5B the hospital ward (the (-) suffix here indicates NHS), SSB the responsible histopathologist, and Breast the anatomical site of the specimen. Also given in the first item are details of previous specimens from this patient. An exact match has been obtained with the surname and medical record number. Note, however, the variation of forename. Also included are the SNOP/ SNOMED encodements of previous diagnoses. Item number four refers to SILLY, Sally and item nine to DAFT, Sally. An exact match is given on the basis of the medical record number.
A fuzzy match is illustrated by items five and 11. In the first the names are "BUMBY, Joan" and the number is A49748, while in the second they are "BAMBI, Joan" and A49746. The first is printed with the second as a fuzzy match. In the print out such a match is flagged as ??#. SNOP/SNOMED codes are not printed for fuzzy matches. On noting the exact and fuzzy matches the clerical officer will retrieve the appropriate previous reports, which are then sent to the responsible histopathologist with the current slides. The histopathologist then decides if the fuzzy matches are true and if the previous slides are required for review in the light of the current material.
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The system also contains a SNOP/SNOMED input and search system. Input into this may be by a valid SNOP code; a valid SNOMED code; a SNOMED mnemonic (for example, HO = history of); and segments of free text. If the first three of these items are on file the system will automatically decode input to the screen. If the keyed items are not on file the program will request that it be taught the appropriate translation. If a specific disease process is characterised by these encodements and keyed into the system then a print out of the details of all the patients with this diagnostic encodement can be generated. If more than 50 such records exist then a histogram of numbers against five year intervals of age is drawn for each gender. For example, the database containing 14 994 records was searched for examples of prostatic hyperplasia (T77M730) and fibroadenoma of the breast (T04M9010). Of the records searched, 9433 contained codes (62-91 %). A positive match for T77M730 was found in 219 of these, and Fig. 6 is the resulting histogram of frequency against age for those records in which the age was specified. Positive matches for T04M9010 were found in 109 records. Of these, 27 did not specify age. The histogram for the remainder is illustrated in Fig. 7 .
Discussion
We have shown that a system based on a microcomputer can be developed to provide an electronic day book with a capacity to store, search, and retrieve data on previous specimens and to perform compilations for analytical, administrative, planning, and costing purposes. The precise details of these search, retrieval, and compilational facilities will be given elsewhere. A high degree of sophistication was achieved with a relatively modest system. We managed to borrow the main items of the system, but the total cost would be about £4000, a comparatively small sum when compared with the cost of mainframe computers and professionally written software packages. This is computational development on a shoestring, but our relative poverty was advantageous in that it forced us to think critically and carefully about existing and developed procedures and their appropriate form and function.
Foulis et al '2 and Talamo and Losos'3 have also reported a similar system for anatomical pathology. These systems are much larger than ours and are able to perform automated SNOP/SNOMED coding. Our system has been developed without the assistance of professional programmers. The system is user friendly and will cope with erroneous entries. 
